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MEASUREMENT OF PARITY NONCONSERVATION IN THE PROTON-PROTON
TOTAL CROSS SECTION AT 800 MeV

J. David Bowman

~ Los A1am~w National Laboratory, Los Alamos, New .Mexico 87545, U.S.A.

Abstract

1 report a mecuurement of parity nonconservation in the transmission of
800-MeV longitudinally polarized protona through an unpolarized, l-m liquid-
hydrogen target. The dependence of tranamisaion on beam properti~ WVMStud-
ied to me.wmr~ and to correct for systematic errors. The meaxured longitudin-
al ~yrnmetry in the total crow section is AL = [+2.4 + 1.1 (statistical) +0.1
(systematic)] x 10-7.

1 report the results of an experiment that ~sarchecl for p&rity nonconzermtion ( PNC) in the scattering of 800-
MeV longitudinally polarimt protons from an unpolarized hydrogen target. The experiment waY performed at the
C:linton P. Anderson Memn Physics Facility (LA MPF), by a collaboration from Loa AbvM National Laboratory,
the University of lllinoia, the Unive~ity of Maryland, and Princeton. PNC arh from an interference between
the ~trangen~oneerving weak interaction and the strong interaction and results in a change in the totnl cross
section when the helicity ix reversed. The longitudinal usymmetry AL is defined as AL = (a+ - u. )/(u+ + u-),
where u+ (c_) is the total croea section for pmitiv~ (negative) helicit y protons on the target.

Previous experimental raulta and th-retical treatment of PNC in nucleon-nucleon scattering give an in-
cc,mplete picture of the ●nergy dependence of the ●tkt. Mm.vurementsil-si of AL in ~ol-p scattering at 15

and 46 MeV have yieldd small nonaero vnlues of AL = (-1.7 + 0.8) x 10-7 and AL = (-1.5 + 0.2) x 10-7,
rapectively. Both low-energy results are in good agreement with thmretical predictions based on a meaon-
●xchange modell’-et and a hybrid-quark moclel.irl A high-energy ●xperiment,ief with 6-GeV/c protons on an
H20 target, has reportd a value of AL = (+26,6 + 6.0+ 3.6) ~ 10-7. This value u in agreementie)loj with
t heretical work bad ou quark-quark and wave+nction renorrndisationl 11i models, but it is more than an
order of magnitude larger than predlctiora of m=n-exchange modelsf 12‘lot for N-N scattering, Our group hM

recently reportedi ‘0/ a mesmrement of AL = (+1,7 + 3.3+ 1.4) x 10-7 for 800-MeV protons on an HaO target.
The 800-MeV work reported here IS the high= t-energy memurement of AL for ~ol-p scattering to date, and it
achieves a sensitivity in the meuurml due, AL = (+2.4+ 1.1 +0.1)X 10-7.

Polarimd H- ions were produced in a Larrbshift-type ion source,J17i Neutral hydrogen stoma, initially
polarisd in the spin-filter region of the murce, had their polarisation reversed at 30 Ha by a weak magnetic
field. Beam pu!am were of 60&x duration with a 120-Hs repetition rate, The proton-beam intensity ranged
from 1 to 5 nA, and average polarimatiuu waa 70910,

The l~yout of the appamtu ia shown in Fig. 1,
The tranmniasiou of protons through a l-m-long &

liquid-hydrogen t~get was measured by two in-
tegrating ion chambers (11 and 12), Iocsted up
Stream and dowrwt ream of the target. The sta-

ea &-J...=. ~ 1~ ::-

(I n
tistlcal sensitivity of the meamrrement was Iirnitd w

by the available beam intensity as well as by de-
11 T 12WST

tector noise due to nuclear qmllation reactilms in FIG, 1, Schematic of experimental selup. Ion chambers

ion-chamber surfaces, To rduce the second dfwt, II mrd 12 measure the [rangmisgion of [he Iiqulcl. hydroEcn

we developml and used spdlation-rnhimizing io:i tar~et T. Multiwir: ch~mbers W mernsure tx!am position und

chambera, /*e/ profile, Polarimeters PI and P2, and CHl scanning. po.

For the two hel!city states of the beam, the
Iurlmeter mrSet ST measure polarization, Beam position IS

fractional chang~ in transm.iadon, Z, waa deter-
zervmstablllzed by use of posi~ion signals from spli[.collcclor
Ion chambers S,

mined from the andoq difference of the 11 and [2
dgnalt, This difference signal was amplified before
dlgitimtion 10 reduce round-off error, For each group of [our puhea the quantity z = (~+ – F_ )/(~+ + ~. ) wn~
calculated, wher~ ~+ (T. ) is the average trarmmisaion for a pair of + (–) hcl!city pulses, The helicit,v reverml
pattern for the group of four pulses waa + - – + to reduce the efkctu of drifts ~~d to remove 60-H1 ●~ect.s, At
the ●nd of a run, which corwisted typically of 4 x 10° pukes, nn average of Z wna calculated IMId a statisticl~l

tlncwtainty wna computed from the fluctuations of Z. The lonKi~udinal aaym:netry 1~AL = Z/(P In T), whrrc 1’
is the m~nitlde of the bcnm polarlantion and T is the nvrrage trarmmizaion of the target, For this ●xprritiwilt
P = 0,7 mnd T -= (J,8s, resultiry in a vnltte ot’ I/( Pln T) of .8,8, I[ence to ~ttain m sensitivity in Al, ,11’ 10;, n

Iueaaurernent of Z with a sensitivity of nearly 10 0 WM nemmry,



Any characteristics of the proton beam that change when the helicity is reversed may aflect the transmission

measurement and give rise to a spurious F’NC signal. We therefore monitored the beam position, intensity, size,
end net, transverse polarization (TPOI) for ●very pulse. In addition, the transvers~polarization distribution

acrosa the beam profile was sampled near the defining aperture (12) to determine the ftrst moment of transverse
polarization across the benrn profile (CPOI ). A reversing TPol induces a spurious PNC signal if the beam is

displaced from the symmetry suis of the transmission detectors, A nonzero value of C’Pel can result in an

unwantd contribution to Z even if 7’POI= O and the beam is on the symmetry suis./l,’Q/

The placement of the detectom that me=ure changu in beam properties is shown in Fig. 1, Integrating
mtl]tiwire ion chambers,/’~o/ W, monitor~ be~ pmition and size for each puke. Sp]it-COlktor ion chambers,

S, also monitored beam position and were part of a dual-loop fdback system that stabilized the average bemn
position and incident angle. A four-arm polarimeter, P 1, used the LHY target as an analyzer to measure Z’POI

in the beam. A second polarimeter utilised a narrow tnrget, ST, that continuously scared the beam profile to
measure C’PI. The upztresun ion chamber of the transmission measurement recorded intensity variations of the
incident bean.

To cancel contributions to AL from beam changa uncorrelated to the beam helicity, the experiment was
run for qual time periods in two different operating configurations (JV and R) of the spin tllteri 171 in the
polarized source. In both configurations protons exiting from the source were longitudinally polarized, but
positive helicity for the N and R configuratimrs occurred during opposite ph~ of the spin-flip field of the
source. The ccmbirsation (ZN – ZR )/2 me~ures the longitudinal asymmetry while canceling some systematic
effects and is referred to as the PNC signnl, The combination (ZN + Zn)/2, called HI, is expectd to be O and
servm as a test for unidentified systematic ●rrors,

The final PNC and HI vdu~ of AL are given in Table 1. To corr~t Z for systematic contributions, its sen-
sitivities to different systematic were determined. During the tranzmiaeion me~urernent, the 30-Hc component
of each & .systernatic was monitored. Final corrections to Z were applied in the off-line analysis. Z values
were corr~ted pul= by pulse for changa in beam intensity, position, and sise. Corrmtions for TPI were made
for each group of four pulses, while corrections for C’POIand for unwantd electrical couplings were applied on
a run-by-run baairn,As a further teat for unidentified systematic ●rrom, the data were analyzed using a shitl in
the four-pulse grouping that eliminates any helicity dependence from the calculated ,4L. The rmultant value,
AL (shifl), WM consistent with zero.

TABLE [, VaIUCSOfIongiludirml asymmetry, AL, and of beam-systematic corrections in uni~ of 10-1, The errors In ,+L ~nd
in the var~ous corrections nre nol Slallslically independent.

PNc
Quanli[y Value S[alistical Sy91emolic Value

HI t ] [’or
Sta;ls[ical Systematic Isldof

.~L (uncorrccled)
CorrectIons 10 AL:

Posilion
Inlenslly
Size
Polarlzillon
cd
Electrical pickup

,4L (corrected]

AL (shl(~)

3,0

-0,3
0,8

-0, I
<0!1

0. I
0.0
2,4

-0,1

1.2

0,3
0,5
0.0
0,0
0,4
0,0
1,1
1,1

-5,0

0,1 2.7
0,I -7,7
0,I 0,:
0,0 <0,1
Go 0.2
00 -0,6
01 0,1

-0,1

12

03
0.5
0!0
0,0
O,A
00
1,1
1.1

0,4
0,8
0I
0,0
00
00
09 I59
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We discuss the syotcm~tic corrections in more detail:

(i) fntcnslty,- The sensitivity of Z to iutenoity modulations was d~termin~ with IIae of an apparntus/2ii
conshting of a set of stripper grids that were moved in and out of the H - beam path to produce a lL)% intmtsity

Inoculation at 30 Hs, Stripper-grid data wme taken S.V the clc intensity and slce of the beam were varim-1. AII

nlu~y~is of these rums indicates a depcndeuce

Jz/ril= AQ+ ,411+ Aa[’+ Aa/t7,+ A4uv/r7n ,

wh~re f is the Iwnm irtpnsity, u. (e”) is the horizontal (vcrt,icd) width of the inconling bcmm, nlld tIW ,.l( nrr
rrwtiiciente d~termined from the data, The terms containing 1 res’llt from nonlinearitien in the ddwt~)rs nlld
eleetronico, The siz~d~pendent terms are corroistcnt with rccmnbination efkctrn within the chambers,



(ii) Polarization .—During the experiment, contributions from polarization systermtics were minimized by
locating the beam along the symmetry uix of the tranmn.iaziondetectors. To determine this axis, the transverse
polarization waa deliberately incre~, and changes in Z were memmcl M the beam WILV warmed across 11 and
12. The position servo-loop system held the beam On the symmetry axis. As a rmult, trartaverse polarization
givex the smakst of all systematic corrections: a correction to AL of c 1 x 10-8.

(iii) Position and sige.— At each tmnmniseion detector, position zcana were performed to meaaure the sen-
sitivity of Z to position. The largest mewmed sensitivity WM dZ/dy = 1.3 x 10-4/mn~ for vertical motion at
the downstream detector. Small correct ions for size variatioru were calculated from the quadratic components
in the position dependence of Z. For approximately one third of all the runs the beam spot fell mostly on only

two wires of the beam-size monitor, hence the beam sise could not be accurately determined. Size corrections
were not applied for th- rune. In the runs where size correct iona were applid, their contribution to AL wea

negligible.
(iv) Cd .—Sampling of the transv-polarization dktribution by the polarimeter-scanning target waa

repeatd continuously during a run. A full sampling cycle was completd ●very 2 min.
(v) Unwanted ●lectrical couplinga.— 30.Hs el=trical pickup wea kept out of the difference signed in two ways.

Fimt, we uoed a lGHs digital signal to twwrtit the helicity-revemal information from the polarisd source to
the experiment. Second, optical or analog Watora were iruertmi in all important signal paths. Residual pickup

Table I Ma the cormtiona made to AL for
each systematic error. Applying the cor~tions
improvee the consiatertcy of the data in eeveral
wsys. Firet, within each run, cor~td data have
d~reaeed pulee--pulaa fluctuation in AL. Fig-
ure 2 demonetratea thatthe correldoru between
Z and beam poeition and inteneity are removed
by application of the experimentally determind
corr~tione. -rid, when the data fkom all rune
are teetedfor the hypothti that the HI signal
is O and ~hst the PNC haa ● definite value, the
X2 value for the correctd data la nearly s fbctor

~ ~ r the uncor~td dat~,of 2 mnaller than x
The correctd HI reeult Is comietent with 0.

The mwuzed Parity-nonconserving longi-
tudinal uymmetry u

AL = [+2.4+ l.l(ddldlcd)

* O.l(oystematic)] x 10-r .

Thix red CM be compared with ● mrr-
prleingly large range of valu- among publleld
predktionaiaat for the asymmetry d 800 MeV,
C’alculatlona bad on the model of -n ex-
chutue between nucleone correctly pradlct mall,
negatl~evalua of AL ●t energia below200MeV,
However, because the ●uthora urn different pa-
rameterlsstlorm of the strong nucleon-nucleon in-
teraction, the predicted energy dependwwe of
AL ●bove mason-production threshold ~hows ●

Uscowected Cometod
, ~“’~

~~
m3 .M9d Ma .849a

7ronsm190iut

FIO, 2, Contours, M the 10% and 90% ICVCIS, d’ Iypicul
ecalmrplol~dlsplayln~ trwwmiealon vs inlensily uml vs hrm
izontsl besm pmhion. Transmlsdon VahJCS Plolled in lhc
acmler PIOISon the rlghl are correcled for VariulionsIn POSI.
Ilon, intensity, snd size. Com~i km wilh the PIOISon Ihc
left, of uncorrected dam, ~how that Wlicaliun ot’ lhc

correctionsremoves the corralwlorm

contributions were meuured in runs taken with the beam off.

I=ge variation. At 800 MeV the predicted valuea for AL range from (-8 x 10-7)’4 to (+3 x 10-7)’s with
intermedlah v81u- of (-0.2 x 10-7)’s and (+2 x 10-’) ’2. Additional valuee come from other moclcle that
hav? been UMCI to calculste AL ●t 000 MeV, A hybrid-quuk rnodelJrJ predicts n value s 1 x 10-0, and the
wavdhnction renorrzmllsatlonmodel,laa’~’t predlctas Iuge positive value ( + 18 x 10-’), If the hlqh-energy quark.
quuk modella’t is extrmpolatd down to BOOMeV, the result is +2 x 10- ‘, No th~ret.lcal approach rkerihm
the ●nergy dependence of ~d-nuclaort ocattcring at all energlew The memn-exchange approach can rxplnlII
experimental rmrltt -t energlee up to 80&MeV, but undereetlmatee the 6-CleV/c rmult, The QC’D npproach In
eonolstent with the t3-(3eV/c r~ult u well aa the 800-MeV ~xperlment reported here, hut 10 not ~ppllmdd~ nt

low ●nerglm. Our experiment result providea s tezt that dlecrlmlnat~ among the available predlcthms; it will
Rho constrain fbture dfortm to deecribe the energy dcpenrlence O( AL.
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